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Metallic glass, also known as amorphous material, is obtaiend from molten metal 
in liquid state by rapid cooling technology. This type of metal is called metallic glass 
since it is structure is similar to that of oxide glass. Because the matallic glass has 
many advantages in aspects of mechanics, electricity, magnetics and so on, which 
perform very differently from general metal materials, they can be widely applied in 
various fields and consequently attract much attention of researchers for developping 
new materials. The formation of metallic glass is a process that the stability of liquid 
and crystallization kinetics compete with each other. On the one hand, the properties 
of metal liquid especially supercooled liquid have significant influence on the 
formation of metallic glass. Generally, the supercooled liquid with stable local atomic 
structure has a strong resistance to the crystallization. On the other hand, the 
crystallization kinetics is regarded as the controlling factor of glass formation. 
According to the classic nucleation theory, nucleation rate is dominated by the 
diffusivity, and thus the liquid with a high viscocity would has a good glass-forming 
ability. Although the studies on the formation of metallic glass are currently carried 
out, the theory of metallic glass is still highly incomplete. Therefore, it is very 
necessary to uncover the formation mechanism of metallic glass and propose a 
feasible approach of composition design for metallic glass.  
This work combides the first-principle calculation, molecular dynamics and 
calculated phase diagram to study the formation mechanism and influence factors of 
glass-forming ability, as well as explores the approach of composition design for 
metallic glass. The detailed research contents are as follows: 
(1) By combining molecular dynamics simulations with first-principles calculations, 
the stabilities of local atomic packing and the energy pathway of liquid-to-solid 
transition are inspected in terms of amorphous clusters and BCC-crystal clusters as 
functions of cluster size. The correlations between the phase transition and cooling 
rate are also investigated under the condition of rapid cooling. 
(2) To improve the quality of the predicted thermodynamic properties of liquid alloy 
containing ferromagnetic transition metal with a highly non-ideal structure, a 
procedure has been introduced based on ab initio molecular dynamics simulation. In 















physically described and the thermodynamic quantities are predicted. The structural 
stability, mechanical, magnetic, and thermodynamic properties for γ-M23C6 (M=Fe, 
Cr) compounds are calculated by the first-principles and quasi-harmonic Debye 
model. 
(3) Using ab initio molecular dynamics simulation, glass-forming abilities of Al90Fe10 
and Al90Fe5Ce5 alloys are investigated successfully correlated with the atomic 
structure and composition. The origin of enhanced glass-forming ability for 
Al90Fe5Ce5 alloy is interpreted by taking advantage of the calculated information on 
the properties of supercooled liquid. The glass-forming abilities of Fe78B22, Fe70Y6B24, 
Fe72Y6B22 and Fe72.5Y3.5B24 alloys are characterized comprehensively using ab initio 
molecular dynamics simulations with the help of calculated properties. 
(4) Using classic molecular dynamics simulation, the phase transitions of Zr-Ni alloy 
with different compositions are studied under the condition of rapid cooling. To 
reveal the main factors that influence the glass-forming ability, the thermodynamic 
property, kinetic property and atomic structure are characterized. 
(5) Based on the thermodynamic database, the stability of liquid and the difficulty of 
crystallization for Fe-based alloys are analyzed, including Cr, Mn, Mo, Co, Ni, Cu, V, 
W, Nb, Ti, Zr, B, C, Al, Si and Y elements. On the basis of the calculated phase 
diagram, a quantificational composition design method for obtaining the Fe-based 
bulk metallic glass with excellent glass-forming ability is proposed. 
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